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1. I n t r o d u c t i o n  

The N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n ,  under  Grant  NAG5-502 
"Analys is  of Active-Region Time Scales i n  Solar T o t a l  I r r a d i a n c e  V a r i a b i l i t y , "  
s u p p o r t e d  r e s e a r c h  a t  UCSD d u r i n g  t h e  period A p r i l  1985 t h r o u g h  A p r i l ,  1986. 
This research c e n t e r e d  on t h e  p h y s i c a l  i n t e r p r e t a t i o n  of medium-timescale 
v a r i a b i l i t y  of t h e  to ta l  solar i r r a d i a n c e  from t h e  ACRIM inst-rument on board t h e  
Solar Maximum M i s s i o n .  The chief r e s u l t  of t h i s  a n a l y s i s  is  Paper 1 of the  
a t t a c h e d  p u b l i c a t i o n  list, e n t i t l e d  "Observat ion of Slow V a r i a t i o n s  i n  the Solar 
Luminosi ty ."  The paper h a s  b e e n  accepted for p u b l i c a t i o n  i n  The Astrophysical 
J o u r n a l ,  and is p r e s e n t l y  undergoing f i n a l  r e v i s i o n  Copies of t h i s  and o t h e r  
papers b e n e f i t i n g  from s u p p o r t  under t h i s  g r a n t  are a t t a c h e d  t o  t h i s  report, and 
are l i s t e d  i n  t h e  b i b l i o g r a p h y  below. 

2 .  S c i e n t i f i c  Background 

The A c t i v e  C a v i t y  Radiometer I r r a d i a n c e  Monitor,  or ACRIM, began o b s e r v a t i o n  i n  
F e b r u a r y  1980 under  t h e  guidance of R.C. Wil lson  (JPL), i ts  P r i n c i p a l  
I n v e s t i t o r .  I t  w a s  immediately obvious from t h e  first f e w  weeks of data t h a t  t h i s  
"solar c o n s t a n t "  measurement had succeeded for  t h e  first t i m e  i n  a c h i e v i n g  a n  
a d e q u a t e  sampling of total  solar i r r a d i a n c e  - b o t h  i n  p r e c i s i o n  and i n  t i m e  - so 
t h a t  t r u e  solar v a r i a b i l i t y  c o u l d  e a s i l y  be recognized  on a v a r i e t y  of t i m e  
scales. S i n c e  1980, many a n a l y s e s  of d i f f e r e n t  aspects of t h e s e  data have been 
underway. 

The most s t r i k i n g  i n d i v i d u a l  v a r i a t i o n  is  that due  t o  solar a c t i v e  r e g i o n s ,  and 
specifically s u n s p o t s .  The i n i t i a l  a n a l y s e s  of a c t i v e - r e g i o n  effects were 
carried o u t  i n  t h e  "time domain," t h a t  is  i n  c h a r a c t e r i z i n g  t h e  a c t u a l  t i m e  
series of ACRIM measurements and comparing it w i t h  time series t a k e n  from o t h e r  
sources, c h i e f l y  the solar s y n o p t i c  data. These a n a l y s e s  c o n t i n u e  t o  the 
p r e s e n t ,  t a k i n g  advantage of t h e  new l o n g  t i m e  series of s o l a r - q u i e t  data t a k e n  
af ter  t h e  SMM repair miss ion  of May 1984. 

I n  t h e  meanwhile it w a s  clear t h a t  a frequency-domain a n a l y s i s  w a s  needed. The 
power spectrum of solar l u m i n o s i t y  v a r i a b i l i t y  i s  d i rec t ly  u s e f u l  i n  comparison 
wi th  t h e  v a r i a t i o n s  observed on o t h e r  stars. P a r t i c u l a r l y  i m p o r t a n t  was the 
q u e s t i o n  of " r o t a t i o n a l  modulat ion,  '' i .e. a c h a r a c t e r i s t i c  v a r i a t i o n  t h a t  is 
o f t e n  used to d e t e r m i n e  the r o t a t i o n  rate of a d i s t a n t  star. What d i d  t h e  solar 
v a r i a b i l i t y  spectrum look like i n  t h e  " a c t i v e  r e g i o n  t i m e  scales" band? This 
band was d e f i n e d  o p e r a t i o n a l l y  w i t h  t h e  ACRIM data, and i n  fact c o n t a i n s  the 
solar r o t a t i o n a l  f requency  of 0.43 CLHz . 
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Paper 1 c o n t a i n s  power-spectrum and o t h e r  k i n d s  of a n a l y s i s  of ACRIM data f r o m  
its b e g i n n i n g  up through 1985, and is based upon t e  d a i l y - a v e r a g e  data p r e p a r e d  
by W i l l s o n .  Such sampling allows u s  t o  s t u d y  t i m e  v a r i a b i l i t y  u p  t o  t h e  
associated Nyquis t  f requency of 5 . 8  KBZ, w e l l  above t h e  r o t a t i o n a l  f requency  and 
( i t  t u r n e d  o u t )  i n t e r e s t i n g  i n  terms of o u r  a b i l i t y  t o  c h a r a c t e r i z e  the " a c t i v e  
r e g i o n  t i m e  scales." This can  be seen f r o m  F i g u r e  7 of P a p e r  I, i n  which t h e  
excess p o w e r  d u e  t o  solar r o t a t i o n  and t o  t h e  growth and decay of a c t i v e  r e g i o n s  
is v i s i b l e  above a background spectrum. This la t ter  continuum is p r o b a b l y  due ,  
based upon other a n a l y s i s ,  t o  t h e  solar s u r f a c e  g r a n u l a t i o n .  

W e  also found from t h i s  a n a l y s i s  t h a t  the h i g h e s t  f r e q u e n c i e s  i n  t h e  da i ly  
sampling also showed a clear v a r i a t i o n  w i t h  the l e v e l  of solar act ivi ty ,  even at  
f r e q u e n c i e s  above t h o s e  t h a t  could  be due  t o  solar r o t a t i o n .  A t  t h i s  p o i n t ,  it is 
clear t h a t  an  a n a l y s i s  a t  h i g h e r  sampling i s  n e c e s s a r y  t o  unders tand  the 
r e l a t i o n s h i p  between t h e  ac t ive- reg ion  component and t h e  g r a n u l a t i o n  component 
of t h e  p o w e r  spectrum. T h i s  a n a l y s i s  w i l l  be possible from t h e  ex tended  data now 
available from SMM and f r o m t h e  re - reduct ion  now under  way (see t h e  unpubl i shed  
report l isted as Paper 5 i n  t h e  b i b l i o g r a p h y ) .  

4. Conclus ions  

Paper 1 is now i n  t h e  process of r e v i s i o n  fo r  f i n a l  p u b l i c a t i o n .  Its r e s u l t s  w i l l  
f o r m  a n  e x c e l l e n t  plaform upon which t o  base the more complete frequency-domain 
a n a l y s i s  from the l o n g e r  t i m e  series now a v a i l a b l e  (a t  t i m e  of w r i t i n g ,  t h e  
repaired SMM is a b o u t  t o  begin  i t s  f i f t h  year of e x c e l l e n t  data) and better 
sampl ing  of t h e  re-reduced data. 
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